ABSTRACT
INTRODUCTION
Tuberculosis (TB) is responsible for the greatest number of deaths attributable to a single infectious agent worldwide and most of this mortality is in developing countries [1] . For decades, the diagnosis of latent TB infection (LTBI) has relied on the tuberculin skin test (TST), which measures a delayed-type hypersensitivity response to a purified protein derivative (PPD) of more than 200 Mycobacterium tuberculosis (MTB) protein antigens [2, 3] . However, TST has some known limitations. For example, its specificity is limited due to PPD cross reactivity with the vaccination strain of M. bovis Bacillus Calmette-Guérin (BCG), and several non-tuberculous mycobacteria (NTM) [3] . Therefore, individuals sensitized by previous exposures to NTM or vaccinated with BCG may respond immunologically to PPD.
The interferon gamma release assay (IGRAs) is an effective tool for enumerating the number of cells producing IFN- in response to a whole series of antigens, including peptides, peptide pools, proteins and crude bacterial extracts. Tailor-made selection of antigens can be made, which for vaccine trials will include specific vaccine components as well as positive and negative controls. In addition, IGRAs has proven particularly sensitive in the detection of low-level responses when compared to other assays [4, 5] . IGRAs are utilized in the diagnosis of LTBI [6, 7] . However, their performance appears to vary between high burden, resource limited settings and low burden countries [8] . They may also have value in the evaluation of new tools against TB. tion from peripheral blood mononuclear cells (PBMCs) and whole blood in response to specific MTB secreted antigens have been developed [9] . Studies have suggested that IGRAs using the two specific antigens of MTB-early secretory antigenic target 6 (ESAT-6) and culture filtrate protein 10 (CFP-10) were more specific than the TST for the diagnosis of LTBI [6] . It is reported that effective treatment for LTBI is associated with a decrease in the measured response to ESAT-6 and CFP-10 antigens [10, 11] . In addition, Antigen 85B is the most abundant protein exposed by MTB, as well as a potent immunoprotective antigen and a leading drug target. Ag85 induces strong T-cell proliferation and IFN- secretion in most healthy individuals and BCG-vaccinated humans exposed to MTB.
In our previous study, we obtained ten peptides which originated from ESAT-6, CFP-10 or Ag85B which are specific to Chinese people in Guangzhou, China. These ten peptides including E6, E7 and C14 which had strong reaction to confirmed TB patients. The populations studied in most scientific research previously were confirmed TB patients, but few focused on healthy population, especially in China. And none of existing assays are widely used in China mainly because of the high cost of these kits. Here we used three kinds of in-house IFN-γ ELIS-POT established by our laboratory to monitor healthy population of china, at the same time, compared three kinds of in-house IFN-γ ELISPOT with T-SPOT.TB, a commercial IFN-γ ELISPOT-based test, and TST to evaluate the methodological characteristics for detecting LTBI in healthy population of China.
MATERIALS AND METHODS

Study Population
A total of 788 healthy people from Bao'an district of Shenzhen city in China were recruited to the study during from July to August 2010. Their ages ranged from 16 to 89 years (Mean ± standard deviation was 46.74 ± 14.90). Of the 788 participants, 10.15% (80/788) were household contacts, and had been in close contact with sputum smear or culture-positive TB patients in their families. 89.85% (708/788) participants were assigned to the non-contacts group, who seldom contacted with sputum smear or culture-positive TB patients in daily life. The participants were asked if they had received a BCG vaccine soon after birth and were examined by chest x-ray and sputum smear or culture. The peripheral blood (PBL) samples from all the participants were monitored with three kinds of in-house IFN- ELISPOT tests; and partial PBL samples were detected with T-SPOT.TB test at the same time. Immediately after the blood sample was drawn they underwent a TST. All adults who were enrolled agreed by written informed consent to participate in the study. The study was approved by the Ethics Committee of Sun Yat-sen University.
Tuberculin Skin Test (TST)
TST was performed by intracutaneous injection of 5 TU/0.1 ml of tuberculin RT23 (Chengdu Institute of Biological Products, China) in the volar surface of the forearm. The TST was administered and read by staff from the Institute of Tuberculosis Prevention and Treatment of Guangdong Province and the Bao'an Chronic Diseases Prevention and Cure Hospital. Indurations were measured at 48 -72 h by two independent readers [12] . Following American Thoracic Society and the Centers for Disease Control and Prevention guideline a diameter equal or greater than 5 mm was considered positive [13] .
Three Kinds of In-House IFN- ELISPOT Assays
In our previous work we obtained a mycobacteria-shared Ag85B peptide A53, two MTB-specific ESAT-6 peptides E6 (18- [14] , and an MTB-specific CFP-10 peptide C14, A53, E6 + E7 mixture and E6 + E7 + C14 mixture, with 10 g/ml of each peptide, were used as antigen stimuli to perform three kinds of IFN- ELISPOT assay respectively. Briefly, PBMCs were separated from the fresh PBL by Ficoll-Hypaque density gradient (Amersham Bioscience, Netherlands) centrifugation. Then 2.5  10 5 PBMCs mixed with the above antigens per well were plated onto a 96-well polyvinylidene fluoride (PVDF)-backed plate (MultiScreen-IP, Millipore, USA) which had been pre-coated with mouse anti-human IFN-γ monoclonal antibody (5 μg/ml, eBioscience, USA), and incubated at 37˚C for 18 h. Phorbol myristate acetate (PMA, 25 ng/ml, Sigma, UK) and Ionomycin (1 μg/ml, Sigma, UK) mixed stimulus was used as positive control, as well as stimulus-free medium as negative control and cell-free medium as background control. After washing with 0.05% Tween-20 in phosphatebuffered saline (PBST), biotin-conjugated mouse poly-clonal anti-human IFN-γ antibody (0.5 μg/ml, eBioscience, USA) was added and incubated for 2 h at room temperature. Wash again and alkaline phosphate-conjugated streptavidin (2 μg/ml, Thermo, USA) was added and incubated for 2 -2.5 h at room temperature. After a washing step, the NBT/BCIP substrate buffer was added to visualization. At last, wash the plate thoroughly with distilled water to stop the detection reaction. Then the individual spots were counted using an automated image analysis system ELISPOT reader (Cellular Technology Ltd., USA). All readings were manually verified. SFP (spot forming cells (SFC)/10 PBMCs) ≥ 50 than negative control was used as the standard indicating positivity in this study.
T-SPOT.TB Assay
The T-SPOT.TB (Oxford Immunotec, UK) assay was performed using whole PBL according to the manufacturer's instruction. Four wells with a membrane precoated with mouse anti-human IFN-γ monoclonal antibody were used for each subject. The assay requires a total of 2.5  10 5 viable cells each well. Cells in each well were stimulated with medium alone as negative control, phytohemagglutinin (PHA) as positive control and different peptide panels with the MTB-specific antigens ESAT-6 (panel A) and CFP-10 (panel B). Finally, the individual spots were counted and manually verified as described above. Subjects were considered positive if there was a positive response to one or both antigen panels; the background number of spots in negative control wells was always less than five spots per well; the response of stimulated cultures was considered negative when the test well contained <50 spots; in general, a positive response was defined as ≥25 SFP (SFC/10 6 viable cells) on either panel A or panel B, or both.
Data Management and Analysis
Data analyses were performed using the statistical software SPSS version 16.0. Test results were considered statistically significant if the p-value was less than 0.05. GraphPad Prism version 5.0 was used to construct the graphs and figures.
RESULTS
Total Detection Results by Three Kinds of
In-House IFN- ELISPOT 788 PBL samples from healthy individuals from Baoan District, Shenzhen city, who all were inoculated with BCG vaccine in juvenile, were detected by three kinds of in-house IFN- ELISPOT, which was established by using peptide A53, and peptide mixtures E6 + E7 and E6 + E7 + C14 respectively. Detection results showed that SFP ranged from 150 to 1400 by three kinds of IFN- ELISPOT, and no great differences in the distribution of SFP among them could be seen (Figure 1 ). In addition, chest x-ray examination and sputum smear or culture were negative in all 788 cases.
The Detection Results Comparison of T-SPOT.TB or Three Kinds of In-House IFN- ELISPOT and TST
147 PBL samples in above 788 cases were detected with T-SPOT.TB assay. Moreover, TST results were obtained As shown in Table 1 , the positive detection rate by T-SPOT.TB assay was 14.29% (21/147), in contrast, and the results by three kinds of IFN- ELISPOT (A53, E6 + E7 and E6 + E7 + C14) were 29.43% (171/581), 23.24% (135/581) and 28.40% (165/581) respectively ( Table 2) . Significantly lower positive detection rates by all the ELISPOT assays than by TST, which was positive in 82.99% (122/147) and 75.73% (440/581) respectively, could be observed. The positive and negative detections of three kinds of IFN- ELISPOT compared with each TST detection groups were shown in Figures 2 and 3 and Table 2 , the results suggested that there were little differences among three kinds of IFN- ELISPOT in each TST detection groups whether positive or negative results of TST; in other words, there were similar positive detection levels by three kinds of IFN- ELISPOT in each TST detection groups including negative group. Figure 4 and Table 1 provides details of positive and negative results in relation to T-SPOT.TB assay compared with each TST detection groups. The similar results could be seen as in comparison of three kinds of IFN- ELISPOT assay and TST detection.
The descriptive analysis, a statistical analysis based respectively on SFP results and detection rates of three kinds of IFN- ELISPOT and T-SPOT.TB in each and total TST detection groups, was shown in Table 3 , and the detailed comparisons and similar conclusions as described above between three kinds of IFN- ELISPOT or T-SPOT.TB and TST detection respectively were got.
Above all results suggested that ELISPOT assays including T-SPOT.TB and ours could reduce the false positive and false negative detection rates of TST. 1 The percentages of T-SPOT.TB and TST detections were all calculated with total 147 cases; 2 No individual was found with a TST induration of 1 -4 mm. There was significant difference between T-SPOT.TB and TST detections (p < 0.05). 1 The percentages of three kinds of IFN- ELISPOT and TST detections were all calculated with total 581 cases; 2 No individual was found with a TST induration of 1 -4 mm. There was significant difference between three kinds of IFN- ELISPOT and TST detections respectively (p < 0.05). 4 Median of SFP detected by IFN- ELISPOT and T-SPOT.TB; 5 Upper quartile of SFP detected by IFN- ELISPOT and T-SPOT.TB. Significant SFP differences were found between three kinds of IFN- ELISPOT and T-SPOT.TB in total TST detection group respectively (p < 0.05), but no significant differences among three kinds of IFN- ELISPOT and T-SPOT.TB respectively, as well as among each TST detection groups (p > 0.05).
The Detection Results Comparison of In-House IFN- ELISPOT and T-SPOT.TB Assays
The detection results of 147 cases are summarized in Table 4 . Positive T-SPOT.TB detection rate was observed in 14.29% (21/147), in comparison with 29.93% (44/147) by two kinds of IFN- ELISPOT in combination of E6 + E7 with E6 + E7 + C14; and higher positive detection rate by latter than former (p < 0.05).
In addition, as shown in Table 3 , the median (P50) of the positive SFP of A53 panel, E6 + E7 panel and E6 + E7 + C14 panel in IFN--ELISPOT in 581 cases, and total panel A and panel B in T-SPOT.TB in 147 cases were 387, 329, 459 and 182, respectively. Significant SFP differences were found between three kinds of IFN- ELISPOT and T-SPOT.TB in total TST detection group respectively (p < 0.05), but no significant differences among three kinds of IFN- ELISPOT, as well as among each TST detection groups (p > 0.05).
Above results suggested that three kinds of in-house IFN- ELISPOT have similar sensitivity as T-SPOT.TB at least.
The Detection Results Comparisons of Three Kinds of In-House IFN- ELISPOT Assays
A53, E6 + E7 and E6 + E7 + C14 were respectively used to accomplish IFN- ELISPOT detecting in 788 PBL samples; Tables 5 and 6 showed that positive detection rates were 31.60% (249/788), 26.65% (210/788), 32.11% (253/788) and 38.45% (303/788) in A53, E6 + E7, E6 + E7 + C14 and combination E6 + E7 with E6 + E7 + C14
respectively. Except between A53 and E6 + E7 + C14 detecting (p  0.05), it could be seen that higher positive detection rate by E6 + E7 + C14 assay was obtained than by E6 + E7 assay (p < 0.05), as well as by A53 assay than by E6 + E7 assay (p < 0.05) and by combination E6 + E7 with E6 + E7 + C14 assays than A53 assay (p < 0.05).
Since peptide A53 is mycobacteria-shared, the finding of positive A53 detections but negative E6 + E7 and E6 + E7 + C14 detections might indicate that these participants were likely to be NTM-infected or BCG-vaccinated individuals. In the future practical application, combination E6 + E7 with E6 + E7 + C14 assays could be used to improve detection rates of MTB infections, and adding A53 assay to discriminate MTB infections from NTM infections or BCG vaccinations.
The Detection Results Comparisons of 80 TB Contacts and 501 Non-Contacts with Three Kinds of In-House IFN- ELISPOT and TST
The PBL samples of 80 TB contacts from 581 cases were also examined with three kinds of IFN- ELISPOT assays (A53, E6 + E7 and E6 + E7 + C14), the positive detection rates appeared 30. Table 7 ). Perhaps some ontacts of negative IFN- ELISPOT detections were not c 1 The percentages of IFN- ELISPOT in combination of E6 + E7 with E6 + E7 + C14 and three kinds of IFN- ELISPOT detections were all calculated with total 788 cases. No significant difference was found between E6 + E7 + C14/IFN- ELISPOT and A53/IFN- ELISPOT detections (p > 0.05). There was significant difference between E6 + E7/IFN- ELISPOT and A53/IFN- ELISPOT detections (p < 0.05). There was significant difference between combination of E6 + E7 with E6 + E7 + C14 in IFN- ELISPOT and A53/IFN- ELISPOT detections (p < 0.05). infected with mycobacteria or still had no immune responses during initial infection period. Therefore, a further tracking detection is needed.
As showed in Table 8 and previously described, the positive detection rates of three kinds of IFN- ELISPOT were also significantly lower than those (82.50%, 66/80) of TST (p < 0.05); on the other hand, high positive detection rates of three kinds of IFN- ELISPOT in negative TST group were also found.
DISCUSSION
In this TB investigation we performed TST, in-house IFN- ELISPOT and T-SPOT.TB analyses among a large group of healthy sampling population of Baoan District in Shenzhen City, China. Meanwhile, in our previous work we found that the positive detection rates of E6 + E7, E6 + E7 + C14, combination E6 + E7 with E6 + E7 + C14, and total of panel A and panel B of T-SPOT.TB were 88.37% (76/86), 94.19% (81/86), 96.51% (83/86) and 98.84% (85/86) respectively in 86 confirmed pulmonary TB cases; and the concurrently positive detection rates for our in-house IFN- ELISPOT and T-SPOT.TB reached to 95.35% (82/86). Integrating above data with this study results, our finding highlights that: 1) The results for three kinds of in-house IFN- ELISPOT (A53, E6 + E7 and E6 + E7 + C14) in comparison with TST results reflected that both sensitivity and specificity of three kinds of IFN- ELISPOT was significantly higher than TST. 2) Three kinds of IFN- ELISPOT were as sensitive as T-SPOT.TB test at least.
3) The combination of three kinds of IFN- ELISPOT and TST may allow for a significantly better discrimination of diagnosis of LTBI than IGRA alone.
T cell based IFN- assays that incorporate stimulatory antigens that are not found in BCG or many environmental mycobacteria, have been shown to have promise in the diagnosis of MTB infection after recent exposure [15] [16] [17] . IFN- assays seem to be a promising alternative to the TST for the diagnosis of LTB [9] . In this respect, our results suggested that the positive detection rate for both three kinds of in-house IFN- ELISPOT and T-SPOT.TB were significantly lower than the positive TST results. And the results of TST detection group (including the negative group) had shown a certain positive detection rate of T-SPOT.TB and three kinds of IFN- ELISPOT, suggesting that in-house IFN- ELISPOT, like T-SPOT.TB, could reduce the false positive and false negative rate of TST. The three kinds of IFN- ELISPOT, especially E6 + E7/IFN- ELISPOT and E6 + E7 + C14/IFN- ELISPOT, have potential advantages, beyond greater specificity and sensitivity.
The positive detection rates of A53, E6 + E7, E6 + E7 + C14 and combination E6 + E7 with E6 + E7 + C14 were 31.60%, 32.11%, 26.65% and 38.45% respectively in 788 cases. Except between A53 and E6 + E7 + C14 detecting (p  0.05), it could be seen that higher positive detection rate by E6 + E7 + C14 assay was obtained than by E6 + E7 assay (p < 0.05), as well as by A53 assay than by E6 + E7 assay (p < 0.05) and by combination E6 + E7 with E6 + E7 + C14 assays than A53 assay (p < 0.05). The difference between E6 + E7 and E6 + E7 + C14 may be due to the interference and additive effect, which was caused by the mixture of peptides, derived from the proteins that exist only in the MTB complex group. In practice the two kinds of peptides can be added together to increase the positive detection rates, some of 1 The percentages of three kinds of IFN- ELISPOT and TST detections were all calculated with total 80 cases. There was significant difference between three inds of IFN- ELISPOT and TST detections respectively (p < 0.05). k the positive individuals in these results may be LTBI. Since A53 is a peptide shared by mycobacteria, in theory, any mycobacteria including MTB and NTM-infected and BCG-vaccinated individuals could show positive, but may be due to a single peptide antigen stimulation effects and antigenic characteristics of the peptide itself, or BCG vaccination early at birth, resulting in some positive or BCG immune response disappeared individuals were detected as negative ones. In addition, the 14.29% positive detection rate in T-SPOT.TB results was significantly lower than the positive detection rate (29.93%) for the combination of two kinds of IFN- ELISPOT results in the same 147 cases, and the positive detection rates for three kinds of IFN- ELISPOT results (A53, E6 + E7 and E6 + E7 + C14) were 29.43%, 23.24% and 28.40%, respectively in 581 cases. The positive detection rates of IFN- ELISPOT could better reflect over 40.00% of MTB infection rate in China. Moreover, 182 of median of the positive SFP in total panel A and panel B of T-SPOT.TB was also significantly less than those (387, 329 and 459 respectively) of three kinds of IFN- ELIS-POT. The results of discrimination may be related to differences in population of different HLA alleles and other relevant factors, the combination of E6 + E7 and E6 + E7 + C14 may be more suitable for Chinese to use. In the future practical application, combination E6 + E7 with E6 + E7 + C14 assays could be used to improve detection rates of MTB infections, and adding A53 assay to discriminate MTB infections from NTM infections or BCG vaccinations.
Household contacts of TB cases have a relatively high prevalence of TB disease when screened [18] and a higher incidence rate of TB disease than the general population in the first years after exposure, the rate varying across different locations and populations [19] [20] [21] [22] . Our findings of the positive detection rate for three kinds of in-house IFN- ELISPOT and TST in 80 TB contacts were in agreement with our data previously described in 581 cases, and again proved that both sensitivity and specificity of three kinds of IFN- ELISPOT was higher than TST from the above. TB case contact studies are being engaged increasingly as platforms for studying TB infection and development and have potential in relation to the assessment of new diagnostic tests and interventions, including vaccines [7] . In our study, No significant differences in detection rate by three kinds of IFN- ELISPOT were found between 80 contacts and 501 non-contacts respectively (p > 0.05). Perhaps some contacts of negative IFN- ELISPOT detections were not infected with mycobacteria or still had no immune responses during initial infection period. Therefore, a further long-term (e.g., 2 -3 years) tracking detection is needed.
The diagnosis and management of LTBI has been improved by MTB-specific IGRAs in addition to the TST over the last decade [23] . Since previous studies have reported that T-SPOT.TB was a better marker for LTBI, and more related than TST to the well known risk factors (e.g. immunosuppression) for TB infection [24, 25] , T-SPOT.TB is a useful tool for detecting of LTBI. However, because of the relatively high cost of the T-SPOT.TB assay, it is probably a difficult task to perform prophylactic diagnosis of LTBI in reality for some low income families or individuals in developing countries. Our results indicated that the three kinds of in-house IFN- ELISPOT could be used as a complement tool of T-SPOT.TB for detecting LTBI in healthy population of China while considering their relatively low costs. 
ACKNOWLEDGEMENTS
